The developing of a method for determination of a certain substance occurring in plant or animal materials implies the definition of the substance in question as well as the accessibility of pure preparation of it. As for polymeric macromolecular structures like cellulose, the definition remains more or less vague and the second condition likewise is difficult to attain.
In the analysis of plant products it is evidently impossible and even purposeless to determine the eventual lignocellulose or cellulose-hemicellulose compounds. A better way is to determine the »ideal cellulose» irrespectively of its mode of existence in the plant cell walls. Lignin and hemicelluloses are determined separately. In the following description only those methods are mentioned which are intended for and useful to the determination of the ideal cellulose.
The reliability of the different methods has been systematically controlled mainly for woods but also for cereal straw and certain fibre materials like cotton, hemp, and jute. In the case of human and animal foods, the cellulose determination methods have usually been applied without closer examination of their reliability.
The classical method for the estimation of cellulose is that of Cross and Bevan, first published 1903. The main principle of the method is alternate chlorination and sodium sulfite extraction. Before the first chlorination the sample is boiled with 1 % NaOH solution (3, p. 352). The chlorine reacts with lignin to form substitution and oxidation products which are soluble in boiling sodium sulfite solution (1, p. 1148). During the chlorination HCI is formed. Later investigators have modified the original method.
In the determination of Cross and Bevan cellulose in wood according to Tappi Standard (12, T 17 m-46), the pretreatment with NaOH solution is omitted. Before the first chlorination the sample is extracted with ethanol-benzene and washed with hot water. After each chlorination the material is washed with water, 3 % S0 2 solution, water, 2 % Na 2 S0 4 solution, and water. Excessively long chlorination periods are to be avoided because the HCI formed hydrolyzes the cellulose. According to Browning (1, p. 1152 Details of the analysis. The dried material is ground to pass a 1 mm sieve. Three 2-g samples are weighed for the cellulose determination and one 2-3 g sample for moisture determination. Each of the 2-g samples is put in an envelope made of Whatman No. 1 filter paper, and the envelope is put in a Soxhlet apparatus. The middle cylinder of the apparatus is filled with boiling 50 % ethylene solution to the bend of the siphon and thermoisolated with paper or cloth. In our apparatus the amount of alcohol solution was 90 ml. The same volume of absolute alcohol is put in the extraction flask. After 1 hour the heating is connected and the extraction is continued for 8 hours.
The dried extracted sample is transferred into a 130-140 ml pressure bottle. 120 ml 3 N NaOH solution is heated to boiling in a beaker. 10-20 ml of this solution is put into the bottle and throughly mixed with the sample. Then the rest of the solution is transferred into the bottle. The bottle is provided with a rubber stopper and put into a boiling water bath where it is shaken by a shaking machine for 2 hours. As the air space in the bottle is very small, the oxidation of cellulose is practically avoided. Then the mixture is filtered through asbestos in a Gooch crucible. The residue is washed thoroughly with boiling water, with cold 0.1 N HCI solution and again with boiling water. The crucible with the contents is dried at 100-105°C and the loss after incineration is determined. The result obtained gives the amount of crude cellulose. If the material contains starch, the residue in the Gooch crucible should be boiled % hour with 400 ml of 0.05 N HCI solution, then filtered etc.
Another sample is similarly treated, but instead of being incinerated, it is used for crude lignin determination. It is transferred into a 100 ml beaker and throughly moistened with 5 ml cold water. 45 ml cold (O°C) 77 % H 2 S0 4 solution is added in two portions and mixed. The beaker is placed for 3 hours in 18°-20°C water bath and stirred at % hour intervals. Then it is rinsed into a beaker with a mark at 350 ml. The mixture is heated to boiling and filtered through asbestos. Tre residue is washed with boiling water and dried at 100-105°C. The loss after incineration gives the amount of the crude lignin.
The third sample is treated like the first, but instead of being incinerated is used for pentosan determination. The determination is made according to Tollens' principle using the modification described in the Official Methods of Analysis (8, p. 376).
Criticism and discussion It was mentioned above that the protein of the crude cellulose is not hydrolyzable by the strong acid treatment of the lignin determination and therefore practically all of it remains in the crude lignin. This circumstance is shown in Table 1 . Table 2 shows the results obtained by the sugar analyses from the different zone areas. The table also shows the total amount of pentosans in the crude cellulose determined by Tollens' method, the percentage of true cellulose, and the total amount of sugars obtained by hydrolysis of the crude cellulose and calculated as glucosan. As for the fodders shown in the table, no evident discrepancies are seen. Thus the figures in the two first columns are fairly well in accord. Also, the sum araban -f xylan is of the same order as the total of Tollens' pentosans, and the figures for true cellulose are only slightly higher than the corresponding figures for glucosan obtained from the chromatograms. It is seen that the fodders contain no mannan, or only traces of it, in their crude cellulose. The part of the Table 2 which pertains to the different woods and Pteris aquilina stalks shows some large discrepancies. The crude cellulose of these materials contains mannan and thus the figures for the true cellulose are too high. However, if the mannan is subtracted from the true cellulose, the differences obtained are nevertheless higher than the corresponding glucosan figures. The sum of the chromatogram sugar-anhydrides for the woods is appreciably lower than the total sugar obtained by hydrolysis of the crude cellulose and calculated as glucosan. Likewise, the figures of Tollens' pentosan are much higher than the corresponding sum araban+xylan.
For the purpose of studying the solubility of cellulose in the alkali treatment used in our method, crude cellulose preparations were made of filter paper, cotton fibre, and linen cloth. The crude lignin content of these materials was correspondingly 0.0, 1.35 and 2.60 % of dry matter. When these preparations were subjected to cellulose determination, the dry matter losses were about 4,3, and 6 %.
In an earlier paper of this department (10, p. 51) the cellulose percentages of 44 different plant materials are presented. The respective determinations were made by the method in question. In another paper of this institute Salo (11, p. 32) presents some results of her cellulose determinations which were made using the hydrolysis method (see above). Some of them were made on the same materials as the analyses in the former investigation. Table 3 shows that the results correspond with each other rather well although the two methods are very different. According to different authors Nikitin (7, p. 
Summary and cod visions
The usual metods for cellulose determinations, excepting those in which the material is decomposed by total hydrolysis, are principally methods for producing cellulose preparations. In these the non-cellulosic compounds are tried to be removed as thoroughly as possible without decomposing the cellulose. However, the preparations obtained still contain different non-cellulosic components for which corrections must be made. In the method proposed by the authors a crude cellulose preparation is produced by a relatively mild treatment, and corrections are made for crude lignin and pentosans. The main feature in producing the crude cellulose preparation is shaking the samples with 3N NaOH solution in pressure bottles in a boiling water bath.
The method appears to give readable results for fodder materials. For woods the results are evidently too high, especially due to mannan in the crude cellulose.
